Introduction
There are sodic areas on every continent. The common effect of climatic and hydrogeological processes is necessary for their formation. The basis of the salinization process is the accumulation of Na + salts in near-surface levels of the soils that causes the degradation of the soil structure (Bohn et al., 1985; McBride, 1994) .
The alkaline lakes are a distinctive group in the category of still waters based on their chemical properties of water. The largest alkaline lakes -that are literally lakes -are the Lake Velencei and Lake Fertő in Hungary. The term alkaline lake also indicates such wetland that is concerned by salinization but there is only periodical water coverage on the area (Boros, 2002) .
Most alkaline lakes have special importance for nature conservation because they have unique and specialized flora and fauna. The great part of these wetlands is protected by NATURA 2000 regulation (Stanová et al., 2008) .
The alkaline lakes are threatened by serious environmental problems in the Danube and Tisza Interfluve (Szilágyi and Vorosmarty, 1993; Pálfai, 1994) . The inland drainage has been causing changes in the ecosystem of the alkaline lakes since the 19 th century, but the real harm is the extraction of groundwater resources (Boros, 2010) . The main driving force of the salinization is the near-surface groundwater but the groundwater level is sinking in the Danube and Tisza Interfluve and this phenomenon causes the degradation of natural sodic areas (Rakonczai and Bódis 2002; Tóth, 2005) . The problem is exacerbated by the climate change because of the precipitation deficit in this area (Rakonczai et al. 2008; D'Odorico et al., 2013) . The refilling of the alkaline lakes lags behind in autumn and spring and the groundwater resources cannot be replenished because of the uneven distribution of precipitation. As the salinization process stops, the leaching starts and the previous sodic area is transformed to steppe.
The most sufficient area for this study was Lake Fehér near Szeged, which is a typical alkaline lake system in the Danube and Tisza Interfluve. The appellation Lake Fehér represents the totality of connected but separated lakes and most of them are operating as fishponds today, and the remaining parts are nature reserves. The total water surface is 14 km2 and the catchment area is 200 km2. The study area lies in the northwest direction, 9 km away from Szeged. The sampling point is located to the northwest direction from the larger lakes (Figure 1 ). Lake Fehér was formed with salinization of deflationary depressions. Keveiné et al. (2000) explained the formation of the lake system with the wind erosion. Lake Fehér was located in north compared to the current location based on the sedimentological investigation (Molnár, 1996) , and with the permanent new-Holocene grit blasting, it was shifted to south-southeast.
This study presents the environmental problems of the Danube-Tisza Interfluve through short-and long-term observations. The aim of this study is to get to know the seasonal hydrological and geochemical cycles of the sediments in Lake Fehér, so that based on our results, the protection of the similar alkaline wetlands could be more effective.
Materials and methods
The precipitation data are the most important ones from the meteorological datasets because of the water balance, which plays crucial role in salinization. The precipitation data of Szeged were downloaded from the OMSZ homepage (www.met.hu). The graph of the annual precipitation averages and the monthly averages was made to represent the changing amount and distribution of precipitation in the last century (Figure 2) .
The data of groundwater regime are originated from two wells, that are the nearest to the study area. The identifiers of the wells are 2408 Szatymaz and 2413 Sándorfalva (Figure 1 and Figure 3) Sodic areas can be found in every continent. The main condition of the salt accumulation in sodic soils is the near-surface groundwater. There is a serious environmental problem in the Danube-Tisza Interfluve which threatens the natural alkaline lakes and sodic areas with landscape destruction. The aim of this study is to collect information about the seasonal geochemical cycles in the sediments of Lake Fehér. Based on the results of this research, the protection of the similar alkaline wetlands could be more effective. The study area was an alkaline lake system sorrounded by sodic areas called Lake Fehér by Szeged. The investigation was carried out in three periods based on the seasonal distribution of precipitation. There were eight sampling dates on the same site during one meteorological year. For the short-term monitoring, the type of the soil, the particle content, the pH and the EC were investigated. The groundwater and precipitation data of the last century were used for the long-term observation. The results show that the precipitation decreased in the southern part of the Danube-Tisza Interfluve in the last 100 years. Along with the decreasing precipitation, the groundwater level has been sinking. Knowing the dynamics of the area, the problem could be managed; otherwise, the ecosystems of the alkaline lakes will vanish.
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The samplings were carried out in 3 periods; 3 times in the summer of 2012, 2 times in the autumn, then 3 times in the spring of 2013. The sampling dates were designated based on the monthly averages of precipitation of the last century. The sediment cores were taken out with gimlet and the depth of these columns was 1 m with 10 cm diameter. After the columns were pulled out and taken to a laboratory, their weight was measured and dried out in 20 cm pieces. The weigh measurement was repeated on the dry samples, so the water content was evaluated.
The particle size examination of the first whole sediment core was made with Laser Particle Sizer analysette 22 instruments in 0.1-2,000 µm size range. The subsamples were taken from every 5 cm of the column in the upper 50 cm, then every 10 cm in the 50-100 cm range.
Suspensions were made after grinding the half of every sediment sample. The ratio of suspensions was 1 : 2.5 (sediment -distilled water) properly to the Hungarian Standard (MSZ 21470/2-81, 1982) . The pH measurement was conducted with CONSORT C561 type instrument and with WTW SenTix 52 type combined electrode. The EC measurement was carried out from the same suspension and the same instrument was used with SENTEK electrode. The 40 pH and 40 EC measurements were all carried out.
Results and discussion
The water has a decisive role in the salinization process Boros, 1999; Tóth, 2005) , and that is why the precipitation is such an important factor in the investigation of sodic areas. On the base of the analysis of the monthly averages of 100 years precipitation data, it appears that there are two maximums of the precipitation in a year in Szeged (Figure 2) . The first maximum Alkaline Lake System in Danube and Tisza Interfluve... n Halmos, L., Bozsó, G. and Pál-Molnár, E. n vol. 3, 2014, no. 2 n p. 77-81
Visegrad Journal on Bioeconomy and Sustainable Development is in the summer between May and July and the second maximum is formed during autumn because of the intensifying cyclone activity. The least amount of precipitation is between January and March (Péczely, 2009) . Between 1901 and 2000, the 100 year average of precipitation dataset shows the decreasing tendency in Szeged and even in the wider environment (Figure 2) . The used data of groundwater level are originated from two wells, which are the closest ones to the study area, as mentioned above (ATIVIZIG) (Figure 1 ). The ground-water level changing has been registered in the wells since 1933 (Figure 3 ). Significant decreasing is observed in the annual medium water data of the last 80 years in these wells as well as in the whole southern part of the Danube-Tisza Interfluve (Figure 3 ). The reasons of the decreasing groundwater are not only the climate elements, but the anthropogenic activity like the water management in the 19 th century and the water extraction for agriculture usage (Várallyay, 1999) . The average level of the groundwater changes in 200-300 cm depth in the area. The amount of the groundwater decreases during the summer hydrological half-year (from the end of April to the end of October) and increases during the winter hydrological half-year (from the end of October to the end of April) (Nyizsalovszki and Szabó, 2003) .
The analysis of the drill cores started with macroscopic description and determination of the soil type. The colour of the soil is dark greyish near to the ground surface, but it is getting lighter gradually with the depth. At the depth of 60 cm, the colour of the soil changes yellowish and this tinge becomes pale with the depth. The first 60 cm (from the ground surface) of the soil column is characterized by crop residues and lime concretions. In the depth range of 60-80 cm, the soil is limonitic. There are mollusc shells from 40 to 100 cm depth in the samples. In the level B there is salt accumulation and humification. The motion of solutions in the soil is periodic. Based on these features and the depth of the groundwater level, this soil is gleyic salic calcic solonetz siltic (WRB, 2007) .
The upper 15 cm of the soil has the highest sand content based on the particle analysis (Table 1 ). The amount of clay fraction is the lowest in this 
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Alkaline Lake System in Danube and Tisza Interfluve... n Halmos, L., Bozsó, G. and Pál-Molnár, E. n vol. 3, 2014, no. 2 n p. 77-81 depth range. The proportions of the fractions are balanced from the 20 cm to the bottom of the section. This range is dominated by the silt fraction, but the amount of the clay fraction is increasing by about 20%, while the proportion of the sand is decreasing. It is important to know the particle size content of the soil, because the geochemical parameters depend on physical features (Table 1) . Subsamples were taken for the pH measurements of every 5 cm from the whole 1 m long column. After the sample preparation -described above -the pH data of the suspensions were averaged according to seasons (Figure 4) . The pH changed between 9.64 and 10.5. Significant differences were found in the seasonal changing in pH. The values are the highest in autumn and the lowest in spring. The pH values of summer are closest to the autumn values but also show the same high deviation like in spring. The low grade deviation of the autumn pH data means that the distribution of the values is homogenized by geochemical processes in the whole section. The average pH value in the section is 10.4 in autumn.
The trends of the EC values are the same as the pH trends. In spring, the measured values are the lowest and the least diverse (Figure 4) . The average of the profile is 867.85 µS/cm and the standard deviation is also the lowest among the other profiles. The summer EC values are over the ones measured in spring. The average of the data is 1415.85 µS/cm and the profile is relatively homogenous. The maximal EC value (2606 µS/cm) was measured in 15 cm depth during autumn. This means that because of the changing of the water balance and drying, the solved substances are concentrated in this level; it is an important feature of solonetz. The average of the EC values is lower at this time than in summer, but the deviation is nearly three times more, compared to summer. The meaning of the described observations is that the salts of alkaline hydrolysis (CaCO 3 , MgCO 3 , Na 2 CO 3 , NaHCO 3 , Na 2 SiO 3 ) and other solved substances move upward by capillary lifting, because of the increased evaporation in spring. The higher temperature and the more precipitation are the reasons why the pH and the solved substances content continue in rising. In autumn, the precipitation slowly decreases but the evaporation still continues.
Conclusion
The natural form of salinization is an important landscape forming factor in the Danube and Tisza Interfluve. The ecosystem of the alkaline lakes has extraordinary specialized species that are very sensitive to the environmental change (Zhang et al., 2013) .
Based on this study, it can be stated that the alkaline lakes are in serious environmental danger in the Danube and Tisza Interfluve. This danger is the water deficit, which is partly natural, and partly anthropogenic (Szilagyi and Vorosmarty, 1993) .
Analysing the precipitation and groundwater data series, it seems clear that there is decreasing in both datasets in the last century. The deficit in the water balance causes the degradation of the natural sodic areas, like leaching and humification. These processes cause the appearance of the typical alkali species. There is periodical water coverage of the alkaline lakes in the Danube and Tisza Interfluve, which is negatively influenced by the negative water balance.
The precipitation is a randomly changing climate factor in which significant long-term changing could be pointed out only based on datasets of more decades. The monitoring that was carried out for a year gives information about the dynamics of sodic areas. Knowing the geochemical cycles of the observed area, the protection could be more effective in the case of the alkaline areas in the Danube-Tisza Interfluve. Based on the pH and EC datasets, the sodic feature of the areas is the strongest during summer and autumn. The refilling of the area happens from the end of autumn to the end of spring. So in the latter period, the sodic areas are the most vulnerable.
As mentioned above, the environmental problem of the Danube and Tisza Interfluve is partly natural, partly anthropogenic. The anthropogenic part of the problem could be solved with the limitation of water extraction and agricultural adaptation to the dynamics of the sodic areas. Knowing the geochemical cycles of saline lake sediments enables the agricultural adaptation.
